We examined the relationship between the timing of utterance initiation and the choice of referring expressions, e.g., pronouns (it), zeros (. . .and went down), or descriptive NPs (the pink pentagon). We examined language production in healthy adults, and used anodal transcranial direct current stimulation (tDCS) to test the involvement of the left prefrontal cortex (PFC) in the timing of utterance production and the selection of reference forms in a discourse context. Twenty-two subjects (11 anodal, 11 sham) described fast-paced actions, e.g. The gray oval flashes, then it moves right 2 blocks. We only examined trials in contexts that supported pronoun/zero use. For sham participants, pronouns/zeros increased on trials with longer latencies to initiate the target utterance, and trials where the previous trial was short. We argue that both of these conditions enabled greater message pre-planning and greater discourse connectedness: The strongest predictor of pronoun/zero usage was the presence of a connector word like and or then, which was also tended to occur on trials with longer latencies. For the anodal participants, the latency effect disappeared. PFC stimulation appeared to enable participants to produce utterances with greater discourse connectedness, even while planning incrementally.
Introduction
Every time speakers refer, they must choose among various forms of reference. A shape may be referred to by a detailed description (the pink pentagon), a pronoun (it), or an elliptical (zero) construction, (. . . and went down). These choices are heavily constrained by the discourse context. Pronouns tend to refer to recently mentioned and accessible entities (Ariel, 1990 (Ariel, , 2001 Arnold, 1998 Arnold, , 2008 Arnold, , 2010 Chafe, 1976; Givón, 1983; Gundel, Hedberg, & Zacharski, 1993) , and elliptical (zero) constructions like . . . and Ø moves right two blocks are usually restricted to consecutive utterances with a repeated subject. Yet the context does not provide a categorical, inflexible constraint, and often in the same context multiple forms sound acceptable. This leads to the impression that the difference between reduced and explicit expressions is one of preference, or degree of appropriateness, leaving open many questions about the cognitive mechanisms that drive referential variation. We specifically hypothesize that variability in referential form may be related to variability in the timing of utterance initiation, which reflects the degree to which the message may be pre-planned.
The current study examines this hypothesis in two ways. Behaviorally, we investigate the relationship between the timing of utterance initiation and reference form, testing the hypothesis that reduced expressions occur more often under timing conditions that support discourse connectivity, such as greater message pre-planning. Neurally, we examine how reference form is influenced by the stimulation of the prefrontal cortex (PFC), an area shown to be involved in executive function generally, and utterance planning specifically. We tested these questions in healthy adults, and used anodal transcranial direct current stimulation (tDCS) over the left dorsolateral prefrontal cortex (L-DLPFC). Half the participants performed the task under a sham setup; results from this group established the role of planning processes in language production, in the absence of stimulation. We then examined the performance of participants under stimulation to identify ways in which stimulation changes performance.
To our knowledge, our study provides the first test of the relation between the timing of utterance initiation and reference form production. This is also the first study to examine the role of PFC on reference production with tDCS.
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